The objective of this study was to determine the response to increments of 2 sources of dietary fat on lactating sow and progeny performance during high ambient temperatures. Data were collected from 391 sows (PIC Camborough) from June to September in a 2,600-sow commercial unit in Oklahoma. Sows were randomly assigned to a 2 × 3 factorial arrangement of treatments and a control diet. Factors included 1) fat sources, animal-vegetable blend (A-V) and choice white grease (CWG), and 2) fat levels (2%, 4%, and 6%). The A-V blend contained 14.5% FFA with an iodine value of 89, peroxide value of 4.2 mEq/ kg, and anisidine value of 23, whereas CWG contained 3.7% FFA with an iodine value of 62, peroxide value of 9.8 mEq/kg, and anisidine value of 5. Diets were cornsoybean meal based, with 8.0% distillers dried grains with solubles and 6.0% wheat middlings, and contained 3.56-g standardized ileal digestible Lys/Mcal ME. Sows were balanced by parity, with 192 and 199 sows representing parity 1 and parity 3 to 5, respectively. Feed refusal increased linearly (P < 0.001) with the addition of supplemental fat, but feed and energy intake increased linearly (P < 0.01) with increasing dietary fat. Sows fed CWG diets had reduced (linear, P < 0.05) BW loss during lactation. Litter growth rate was not affected by additional dietary fat. Addition of CWG to the diets improved G:F (sow and litter gain relative to feed intake) compared with the G:F of sows fed the control diet or the diets containing the A-V blend (0.50, 0.43, and 0.44, respectively; P < 0.05). Gain:ME (kg/ Mcal ME) was greater (P < 0.05) for CWG (0.146) than A-V blend (0.129) but was not different from that of the control diet (0.131). Addition of A-V blend and CWG both improved (P < 0.05) conception and farrowing rates and subsequent litter size compared with the control diet. In conclusion, energy intake increased with the addition of fat. The A-V blend contained a greater amount of aldehydes (quantifi ed by anisidine value) and was more susceptible to oxidation, resulting in reduced feed effi ciency than CWG. Subsequent litter size and reproductive performance was improved by inclusion of both sources of fat in diets fed to lactating sows.
INTRODUCTION
Supplemental fat in lactation diets has been benefi cial (Stahly et al., 1980; Shurson and Irvin, 1992; Averette et al., 1999) , especially when sows were heat stressed (Coffey et al., 1982; Neil et al., 1996; Spencer et al., 2003) . Because of the high energy density of fat and low heat increment associated with fat digestion and metabolism (O'Grady et al., 1985; Schoenherr et al., 1989 ), greater energy intake by sows may be expected if fat is added to the diets (Schoenherr et al., 1989; Pettigrew and Moser, 1991; Tilton et al., 1999) . This has reduced sow BW loss (Stahly et al., 1980) and increased litter growth (Averette et al., 1999; Averette Gatlin et al., 2002) . In addition, heat stress is detrimental to the subsequent reproductive performance of lactating sows (Clark et al., 1986; Fernandes et al., 1990) and may reduce subsequent litter size. Supplemental dietary fat may reduce these negative effects of heat stress (Shurson et al., 1986) . However, it has been suggested that levels of fat greater than 5.6% decrease pellet quality (Briggs et al., 1999) , which may increase the amount of fi nes and, consequently, feed wastage.
Many sources of fat are available for inclusion in swine diets. Fats differ in quality and nutritional value. For many years, variables such as FFA, fat stability, and fatty acid composition have been used to determine the quality of fats (Wiseman, 1986; Shanhidi and Wanasundara, 1998; O'Brien, 2009) . Fats seem to have greater nutritional value with low levels (<20%) of FFA and increased levels (>2:1 unsaturated:saturated fatty acids) of unsaturation (Wiseman, 1986; Powles et al., 1995) . In addition, recent attention has been given to the oxidation of fats because of the potential impact on the health of the gastrointestinal tract (Hall and Bosken, 2009 ). Thus, the objective of the present study was to determine the response of modern lactating sows to incremental levels of supplemental fats of different quality during high ambient temperatures.
MATERIALS AND METHODS

Animals were treated humanely, and procedures were consistent with the Guide for the Care and Use of Animals in Agricultural Research and Teaching [Federation of Animal Science Societies (FASS), 2010].
The experiment was conducted under the supervision of licensed veterinarians.
A total of 391 sows (PIC Camborough L42) were selected and placed in the farrowing facility of a 2,600-sow commercial-research farm located in Oklahoma during the summer months (June to September 2010). Daily temperatures averaged 27 ± 3°C, and humidity was 61% ± 10% inside the building during the study. Sows were balanced by parity within dietary treatments, with 192 and 199 sows representing parity 1 and parity 3 to 5 (parity 3+), respectively. Sows were randomly (within parity) assigned to a 2 × 3 factorial arrangement of treatments and a control diet. Factors included 1) fat sources, animal-vegetable blend (A-V) or choice white grease (CWG; Sooner Trading LLC, Ravia, OK), and 2) dietary fat level (2%, 4%, or 6%). Each dietary treatment was represented by a total of 55 to 57 sows.
Diets were corn-soybean meal based, with 8% distillers dried grains with solubles and 6.0% wheat middlings (Table 1) . Diets were formulated to a constant nutrient:ME ratio, including AA, Ca, P, and vitamins and minerals; diets contained 3.56-g standardized ileal digestible Lys/Mcal ME. Grain and protein ingredients were kept constant across diets to eliminate the potential impact of changes in ingredient composition on sow performance. Thus, nutrient:energy ratios were maintained by changing only synthetic AA, macromineral sources, and the vitamin-mineral premix. All nutrients exceeded the National Research Council (NRC, 1998) requirements for lactating sows supporting 2,600 g/d litter growth. Three diets (control, 6% A-V blend, and 6% CWG) were manufactured in a commercial feed mill (Hanor Company, Enid, OK) and analyzed to verify chemical composition. Dietary A-V blend and CWG were supplemented before pelleting. The other 4 dietary treatments were obtained by blending the control and either 6% A-V blend or 6% CWG diet to achieve 2% and 4% supplemental fat of each source. Diets were blended to create 1 of the 7 diets and then delivered individually to sows by a computerized feeding system (Howema, Big Dutchman, Vechta, Germany). Feed was offered in a pelleted form and in excess of appetite, twice per day (0800 and 1800 h). Sows had free access to water. Feed offered to sows was recorded from farrowing to weaning. Feed refused by sows (mainly fi nes and feed that was wet, moldy, or in poor condition) was collected daily, and the weight was recorded. Feed intake was estimated from the difference between feed offered and feed refused by sows.
Sow Performance
Sows were weighed individually at placement (110 ± 2 d of gestation) and at weaning (22 ± 2 d). Sow BW at farrowing was estimated assuming 0.7-kg daily gain from the day of placement to the day of farrowing based on a daily ME intake of 8 Mcal (Close et al., 1984) minus litter weight at birth, which included pigs born alive, stillborn pigs, and mummifi ed pigs, and the estimated weight of the placenta and fl uid (Noblet et al., 1985) . Sow growth rate was calculated as the difference between BW at weaning and estimated BW at farrowing divided by the number of days of the lactation period. Back fat and loin depth were measured in a subset of 328 sows at day 112 ± 2 of gestation and at weaning using realtime ultrasound (PigLog 105, SFK-Technology, Herlev, Denmark). Measurements were taken at 2 points on the sow: between the 9th and 10th ribs, 10 cm from the midline, and between the 3rd and 4th vertebrates of the spine, 10 cm from the midline of the sow. These points of measurement were identifi ed with a red marker on each sow so that measurements were made at the same location at both time points to minimize variation between sampling.
Litter Performance
Litter information, including pigs born alive, stillborn, and mummifi ed pigs, was recorded. Crossfostering was done during the fi rst day of lactation after 18 to 24 h to allow for colostrum intake from the dams. Litter size was standardized to 12 ± 0.6 pigs according to the standard operating procedures of the commercial farm. Litter growth rate was calculated as the difference between the weight of the litter at weaning and the initial litter weight (after cross-fostering) divided by the num-ber of days in the lactation period. Piglet mortality was recorded for each litter. Pigs did not have access to creep feed or supplemental milk during the experiment.
Subsequent Reproductive Performance
After weaning, sows were returned to the breeding building, where subsequent reproductive performance was assessed. Data included the number of sows bred within the fi rst 8 d after weaning, wean-to-breeding interval, conception rate, farrowing rate, and number of sows culled. In addition, subsequent litter information, including pigs born alive, stillborn pigs, and mummifi ed pigs, was collected.
Feed and Fat Analysis
Feed samples were analyzed according to the Association of Offi cial Analytical Chemists (AOAC, 1990) for CP, fat, Ca, and P (Dairy One, Ithaca, NY). Analysis of standard pellet durability index (PDI) of feed samples was conducted at the North Carolina State University feed mill. Duplicate composite samples (from each diet, collected weekly) of 500 g were tumbled during 10 min, and PDI was calculated as the amount of pellets after tumbling divided by the amount of the original sample [American Society of Agricultural Engineers (ASAE), 1997]. The composition and quality of the fat (Table 2) was determined in representative samples (combined from 4 fat samples taken before a AOAC (1990) and anisidine value (method cd 18-90), moisture (method ca 2a-45), insoluble impurities (method ca 3-46), and 4 and 20 h active oxygen method (AOM; method cd 12-57) according to the American Oil Chemists' Society (AOCS, 1998).
Statistical Analysis
For feed intake and sow and litter performance, data were analyzed as a completely randomized design using the MIXED procedure (SAS Inst. Inc., Cary, NC). The farrowing facility was divided into 8 sections with 20 to 24 individual crates in each section. Because of the facility and fl ow restrictions of the farm, 2 sections of 20 to 24 sows were added to the study every week for 9 consecutive weeks (18 groups). Sow parity was used as an independent (control) variable in the model and varied from 1 to 2 sows per parity within each treatment in each group. The fi tted model corresponded to a mixed linear model (Littell et al., 2006 ), which included source and level of fat, parity, and source and level of fat × parity interaction as the fi xed effects. Group and sows nested within group and dietary treatment were considered as random effects in the model. We detected signifi cant differences for initial litter weight, and it was used as a covariate to analyze litter performance. Analysis of back fat and loin depth was performed with the same statistical model described before but using 328 sows that represented 15 groups.
After weaning, 4 sows died (1 from 6% CWG, 2 from 6% A-V blend, and 1 from 2% CWG treatments). The remaining 387 sows were used for analysis of subsequent reproductive performance. When the response was binary (i.e., sows bred or sows not bred), the total number of successes were counted across all replicates, and a Poisson regression model (Ott and Longnecker, 2001) was fi tted to the number of successes, with source and level of fat, parity, and source and level of fat by parity interaction as fi xed effects and the total number of sows as an offset variable. The SAS software GENMOD procedure (Littell et al., 2006) was used for the analysis. From the 299 sows that farrowed in the next cycle, subsequent litter data were collected. Information included total pigs born, pigs born alive, stillborn pigs, and mummifi ed pigs. Similar to feed intake and sow and litter performance, subsequent litter data were analyzed using a completely randomized design using the MIXED procedure of SAS. Degrees of freedom, least squares means, and standard errors were calculated applying Satterthwaite's correction method (Littell et al., 2006) . For all variables, dietary treatment degrees of freedom were partitioned into orthogonal contrasts to evaluate linear and quadratic effects of supplemental fat.
RESULTS
Sow Feed Intake
During this study, lactating sows consumed 4.36 ± 0.13 kg/d of diet (Table 3 ). The addition of CWG in lactation diets did not affect ADFI (4.20 and 4.33 kg/d for control and diets supplemented with CWG, respectively). When increments of A-V blend were added to diets, ADFI tended to increase linearly (P = 0.072). Average daily energy intake (ADEI) was greater (P < 0.001) for sows fed additional fat (15.13 Mcal ME/d) than for those fed no additional fat (13.70), and this increase was linear (P < 0.01) with increasing increments of supplemental A-V blend and CWG. Increasing levels of supplemental dietary A-V blend (r 2 = 0.865) and CWG (r 2 = 0.852) decreased pellet quality measured by PDI (linear, P < 0.01; Figure 1 ). Feed refused by sows increased with increasing increments of fat (linear, P < 0.001; Figure 2 ). 17:0, 20:0, 20:1, 20:2. 20:3, 20:4, 22:0, 22:4, and 24:0. 3 GE measured using a bomb calorimeter (C5000, IKA Works, Inc., Wilmington, NC).
Sow Performance
Supplemental dietary fat did not affect the BW of lactating sows at weaning (Table 3) . As expected, parity 3+ sows were heavier (P < 0.001; data not shown) than parity 1 sows at placement (276.9 and 207.6 kg), farrowing (246.9 and 184.4 kg), and weaning (241.9 and183.4 kg, respectively). Sows fed CWG tended to lose less BW (P = 0.054; −0.02 kg/d) than sows fed the control diet (−0.27 kg/d) or the A-V blend diet (P = 0.060; −0.19 kg/d). Sow BW loss during lactation was reduced linearly (P < 0.05; data not shown) with increasing CWG supplementation. Sows were placed in crates before farrowing with 1.98 ± 0.07 cm of back fat and were weaned with 1.69 ± 0.06 cm. Sows lost 0.29 ± 0.06 cm of back fat during lactation, but supplemental A-V blend or CWG did not infl uence back fat loss of sows. Also, addition of fat did not affect loin depth, which averaged 5.10 ± 0.16 cm at placement and 4.86 ± 0.17 cm at weaning.
Litter Performance
Piglet mortality tended to increase with the addition of dietary CWG (P < 0.10; Table 4 ). However, sows weaned more pigs when they were fed 2% CWG (11.14; P < 0.05) than those fed 6% CWG (10.64), whereas the number of pigs weaned was not different from those sows fed control and 4% CWG diets (10.83 and 10.72, respectively). Greater (P < 0.05; Table 4) initial litter weight was observed for sows fed dietary fat (18.10 kg) than those fed the control diet (17.38). Consequently, initial litter weight was used as a covariate for analysis of litter performance. 2 Supplemental source by level and supplemental fat by parity interactions were not detected for any of the variables (P > 0.05).
3 Calculated ADFI and average daily energy intake (ADEI).
4 Linear tendency for A-V blend (P < 0.10).
5 Linear effect for supplemental A-V blend and CWG (P < 0.01).
6 Linear effect for supplemental CWG (P < 0.05). Main effects of level and source of supplemental fat on total feed refused by sows during the lactation period when animal-vegetable (A-V) blend and choice white grease (CWG) were used in diets as fat sources. Symbols represent least squares means for A-V blend (n = 57, 55, 57, and 56 sows for 0%, 2%, 4%, and 6%, respectively) and for CWG (n = 57, 56, 55, and 55 sows for 0%, 2%, 4%, and 6%, respectively) .
After cross-fostering, piglets were heavier (P < 0.001) for Parity 3+ sows than those for Parity 1 sows (18.99 and 17.01 kg, respectively). Nevertheless, weight of the litter at weaning was not different between parities (65.33 and 63.97, respectively). Supplemental A-V blend and CWG did not affect weight of litters at weaning. Litter growth rate was not different across dietary treatments.
Feed Effi ciency
Total BW gain (sow and litter gain during lactation) improved with addition of CWG (2.11 kg/d; P < 0.05), but not with A-V blend (1.92 kg/d), compared with the control diet (1.80 kg/d; data not shown). Gain:feed (measured as total gain relative to feed intake) tended to improve with increasing levels of CWG (0.43, 0.52, 0.44, and 0.54 for 0, 2, 4, and 6%, respectively; P = 0.058; Figure 3 ). Supplementation of A-V blend did not affect (0.45, 0.41, and 0.47) G:F compared with the control diet.
Overall, G:F was greater for sows fed supplemental CWG (0.50; P < 0.05) than for those fed A-V blend (0.44) or the control diet (0.43). Furthermore, BW gain:ME intake (measured as total BW gain relative to energy intake) was greater for sows fed CWG (0.146 kg/Mcal ME; P < 0.05) than for sows fed A-V blend (0.129) but was not different from that of sows fed the control diet (0.131; Figure 4 ).
Subsequent Reproductive Performance
Data collected during the study indicated that 86% of sows (334 sows) were detected in heat and were consequently bred within 30 d. This number was positively affected by the addition of dietary fat during lactation (79.1% and 87.6% for control and fat diets, respectively; P < 0.001). More parity 1 sows were detected in heat than parity 3+ sows (89.9% and 81.1% of sows, respectively; P < 0.05). All parity 3+ sows fed 2% A-V blend Figure 3 . Main effects of level and source of supplemental fat on G:F ratio when animal-vegetable (A-V) blend and choice white grease (CWG) were used in diets as fat sources. Bars represent least squares means ± SEM for A-V blend (n = 57, 55, 57, and 56 sows for 0%, 2%, 4%, and 6%, respectively) and for CWG (n = 57, 56, 55, and 55 sows for 0%, 2%, 4%, and 6%, respectively). a,b Means represented by bars without a common letter are different (P < 0.05). Main effects of level and source of supplemental fat on BW gain:ME intake ratio when animal-vegetable (A-V) blend and choice white grease (CWG) were used as fat sources. Bars represent least squares means ± SEM for A-V blend (n = 57, 55, 57, and 56 sows for 0%, 2%, 4%, and 6%, respectively) and for CWG (n = 57, 56, 55, and 55 sows for 0%, 2%, 4%, and 6%, respectively). a,b Means represented by bars without a common letter are different (P < 0.05). Within a row and fat levels within a source, means without a common superscript differ (P < 0.05).
1 Fat sources used were animal-vegetable (A-V) blend and choice white grease (CWG).
2 Supplemental fat × parity interaction was not signifi cant for any of the variables (P > 0.05).
3 Linear tendency for supplemental CWG (P < 0.10). 4 Used as a covariate in the analysis of litter performance. during lactation were bred (Table 5 ). Approximately 73% of the 387 weaned sows were bred during the fi rst 8 d after weaning. This proportion was greater for sows fed additional fat during lactation (74.6%; P < 0.01) than those fed no additional fat (63.2%). However, sows supplemented with A-V blend responded better (76.9%; P < 0.05) than sows supplemented with CWG (72.3%). Nevertheless, the percentage of sows fed CWG and detected in heat during the fi rst 8 d after weaning improved linearly with increments of dietary CWG (P < 0.001).
Approximately 77% of the weaned sows farrowed in the subsequent cycle. Supplementation of either A-V blend (78.7%; P = 0.004) or CWG (78.9%; P = 0.002) improved the proportion of sows that farrowed during the next cycle compared with the control diet (68.5%). The increasing levels of both sources of fat improved this proportion linearly (P < 0.05; Table 5 ). The weaning-to-conception interval in the subsequent cycle averaged 7.62 ± 1.39 d and was not affected by supplementation of fat during lactation (data not shown). A total of 77 sows (about 20%) were culled during this study. Sows that did not receive supplemental fat during lactation were more likely to be culled than sows fed diets supplemented with fat (27.9% and 18.5% of sows, respectively; P < 0.05). For sows fed the control diet, parity 3+ sows contributed more (37.9%; P < 0.001) to the culling rate than parity 1 sows (17.9%; Table 5 ).
Subsequent Litter Size
For sows that farrowed a subsequent litter, CWG, but not A-V blend, increased total pigs born (linear, P < 0.05; Table 6 ). A difference in litter size (P < 0.001) between parities was detected only for sows fed CWG (12.29 and 14.24 pigs for parity 1 and parity 3+, respectively). The number of pigs born alive increased (linear, P < 0.05) with increasing levels of fat (Table 6 ). The number of stillborn pigs and the number of mummifi ed pigs at farrowing were not affected by supplemental fat. The number of stillborn pigs was greater (P < 0.001) for parity 3+ sows than for parity 1 sows (1.49 and 0.82 stillborn pigs, respectively).
DISCUSSION
Fat is used extensively as a supplemental ingredient in swine diets. Nutritionally, fat is a highly concentrated source of energy, providing essential fatty acids to the organism, and has a lower heat increment associated with digestion and metabolism than carbohydrates, fi ber, or protein (O'Grady et al., 1985; Schoenherr et al., 1986 Schoenherr et al., , 1989 . Consequently, several studies have shown enhanced animal performance when fat was added to diets, especially when fed to animals experiencing heat stress during hot summer months (Coffey et al., 1982; Arwood and Harmann, 1992; Messias de Bragança et al., 1998) . Special attention has been given to the use of .7 b a-c Within a row and fat level within a source, means without a common superscript differ (P < 0.05). 1 Fat sources used were animal-vegetable (A-V) blend and choice white grease (CWG). Parity 3+ indicates parity 3 to 5.
2 Supplemental A-V blend × parity interaction (P < 0.05).
3 Linear supplemental CWG effect (P < 0.05). 4 Supplemental CWG × parity interaction (P < 0.05).
5 Linear supplemental A-V blend effect (P < 0.05).
supplemental fat during lactation because sows have an increased demand for energy and nutrients needed for milk production (Boyd and Kensinger, 1998) . Poor nutrition during lactation may detrimentally affect not only the sow and litter performance (Quiniou and Noblet, 1999) but also subsequent reproductive performance (Clark et al., 1986; Fernandes et al., 1990) . Important benefi ts from the use of supplemental dietary fat in lactating sows have been reported by several researchers. For instance, supplementation of 10.6% CWG positively affected milk yield and litter growth rate when sows were exposed to 32°C (Schoenherr et al., 1989) .
A wide range of fat sources are available for livestock nutrition. Rendered animal fats and recycled restaurant oils represent a substantial proportion of fat sources that are used for animal nutrition (Meeker, 2009) . The 2 sources used in the present study were A-V blend and CWG. Animal-vegetable blend is defi ned as a blend of feed grade animal fats, poultry fats, vegetable oils, and restaurant grease and may include soap stock. Choice white grease is defi ned as the fat rendered from pork tissue [American Fats and Oils Association (AFOA), 1999]. The nutritional value of fats is commonly determined by the fatty acid composition, FFA content, stability, and other chemical characteristics. Greater chemical variation may be expected in A-V blends because the recycled restaurant oil proportion has been exposed to processing, such as refi ning, cracking, rendering, and heating (Wiseman, 1986) .
In the present study, as expected, the iodine value, which is a measure of unsaturation of fat, was greater for the A-V blend than CWG. Fats with a high iodine value are more unsaturated and more digestible in growing pigs (Stahly et al., 1980; Powles et al., 1994) . Free fatty acid content was greater for A-V blend than CWG. Even though increased levels of FFA seem to reduce the digestibility of fats (Powles et al., 1995) , animal performance may be affected only with quantities greater than 35% (DeRouchey et al., 2004) . The initial peroxide value was not different between the 2 sources of fat, and these values indicate that the 2 sources of fat were low-rancid fats (Meeker, 2009 ). However, exposure to oxygen and heat for 4 h rapidly increased the peroxide value for the A-V blend, indicating a greater susceptibility to oxidation for the A-V blend than for CWG. Secondary products of oxidation, such as aldehydes, are measured by the anisidine value, which may be detrimental to animal performance at inclusions greater than 10.6 (DeRouchey et al., 2004) . The A-V blend in our study had a value of 23, indicating greater amounts of aldehydes and poorer quality of fat, presumably because of exposure to air, repeated heating, and the water of the recycled fat portion in A-V blend.
In the present study with sows being provided with feed in excess of appetite, A-V blend, but not CWG, had a positive effect on feed intake compared with the control diet in lactating sows housed in moderately high temperatures (mean of 27 ± 3°C and maximum of 29 ± 2.3°C). This was above the evaporative critical temperature (22°C; Black et al., 1993) ; above this temperature, sows become heat stressed. As in our previous study (Rosero et al., 2011) , we showed a linear increase in feed disappearance with increasing A-V blend in the diet. Schoenherr et al. (1989) reported a greater feed disappearance for sows fed 10% supplemental CWG compared with sows fed no supplemental fat when sows were housed under heat stress conditions (32°C). Moreover, O'Grady et al. (1985) reported an increase in energy intake when fat was supplemented to lactating sow diets, despite feed intake limitations because of external factors such as high temperatures. In our study, because of the increase in feed intake for sows fed the A-V blend and the greater energy density of diets containing both fats, we observed a linear increase in the energy intake by sows as fat was added to the diets. These results confi rm the observations of Tilton et al. (1999) , who reported a greater energy intake in sows when 10% tallow was added to lactation diets than when no fat was added to the diets, even though differences in feed intake were not detected.
During feed processing, the use of fat improves the physical texture of pellets and reduces dust and feed waste (Wiseman and Garnsworthy, 1997) . However, lev- 2 Supplemental fat × parity interaction was not signifi cant for any of the variables (P > 0.05).
3 Linear effect for supplemental CWG (P < 0.05). 4 Linear effect for supplemental A-V blend (P < 0.05). els of fat greater than 5.6% may negatively impact pellet quality (Briggs et al., 1999) . In the present study, addition of 6% fat (A-V blend and CWG) dramatically decreased pellet quality. This decrease in pellet quality may explain the increase in feed refused by sows with increasing levels of fat. Feed refused by sows collected from feeders was composed mainly of fi nes and feed that was not in acceptable condition. A greater relationship was observed between pellet quality and feed refused by sows fed diets supplemented with the A-V blend (r 2 = 0.995) than for sows fed diets supplemented with CWG (r 2 = 0.598).
Because of limitations in the commercial facility, sow BW at farrowing was estimated according to Close et al. (1984) from sow BW at placement, litter birth weight, and the estimated weight of placenta and fl uids (Noblet et al., 1985) . All sows lost BW during lactation, with the exception of sows fed 6% supplemental dietary CWG, which actually gained BW during lactation. Similar results were observed by Stahly et al. (1980) , who reported no loss in BW when 10% saffl ower oil was added to lactation diets for sows.
Back fat thickness in lactating sows at placement averaged 1.98 cm, which is similar to the 2 cm of back fat that is needed for optimal reproductive performance (Yang et al., 1989) . Sows were weaned with 1.69 cm of back fat. Researchers have reported a substantial reduction of back fat in sows during lactation, especially those exposed to high ambient temperatures (Neil et al., 1996; Sinclair et al., 1996) . However, supplemental fat during lactation may reduce the loss of back fat during lactation. In observations by Shurson and Irvin (1992) , sows fed 10% corn oil increased back fat thickness by 1 mm during the lactation period. Previously, we observed a 7% increase (1.3 mm) in back fat for sows at weaning when they were fed a diet containing 6% A-V blend compared with sows fed no supplemental fat (Rosero et al., 2011) . However, in the present study, we did not observe any differences among dietary treatments in loss of back fat. Similarly, loin depth, which averaged 4.86 cm, was not affected by the addition of A-V blend or CWG to the diets.
Pigs were cross-fostered in accordance with standard operating procedures for the farm. We recorded similar initial litter size for all dietary treatments. The reduction in piglet survival with greater levels (4% and 6%) of CWG resulted in a reduction in the number of pigs weaned. This is similar to the observations of Averette et al. (1999) , who reported a reduction in the number of pigs weaned from sows fed 10% supplemental CWG compared with sows fed no fat. In a previous review, Pettigrew (1981) concluded that the use of dietary fat in lactation diets had benefi cial effects on piglet survival only when piglet mortality was greater than 20% in the herd. Piglet mortality at the commercial-research farm was 14% when the experiment started, and we did not expect improvements in piglet survival for the present study. We did not detect any difference among sources and levels of dietary fat on litter performance. These observations were similar to our previous study (Rosero et al., 2011) in which the level of fat did not affect litter performance. In contrast, some researchers have reported improvements in litter weaning weight and litter growth rate for sows fed supplemental dietary fat (Averette et al., 1999; Averette Gatlin et al., 2002) . More recently, Lauridsen and Danielsen (2004) reported a 19% increase in litter growth rate for sows fed 8% supplemental fat compared with sows fed no supplemental fat.
In the present study we observed that sows can convert 1 kg of feed into 0.47 ± 0.03 kg of BW gain (sow and litter). Feed effi ciency was improved only with the supplementation of CWG but not with A-V blend. This seems to be a direct effect of the greater feed intake by sows fed A-V blend in combination with the lack of a response in sow and litter performance. The difference in the oxidative stability of fat may have contributed to the results we observed. Lipid oxidation products have received special interest (Hall and Bosken, 2009 ) for their potential impact on gut health. Highly oxidized fats may compromise the antioxidant system in the gastrointestinal tract (Aw et al., 1992; Wingler et al., 2000; LeGrand and Aw, 2001 ), leading to intestinal damage (Aw, 1994) , infl ammation (Libby, 2006) , and, subsequently, reduced nutrient absorption. In the current study, we measured an anisidine value of 23 for A-V blend, which was well above the suggested maximum value of 10.6 for weanling pigs (DeRouchey et al., 2004) . In addition, the formation of aldehydes continues during digestion (Kanazawa et al., 1985) . Thus, we speculate that the quality of the A-V blend we used may have affected the G:F.
High ambient temperatures may be detrimental for the successful rebreeding of sows and their subsequent performance. For instance, Clark et al. (1986) observed a longer wean-to-breeding interval during the summer months than during the winter months. However, supplementation of fat was benefi cial for the subsequent reproductive performance of sows (Cox et al., 1983; Britt, 1986; Shurson et al., 1986) . In our previous study (Rosero et al., 2011) , we observed more sows bred and farrowed when they were fed fat during lactation compared with sows fed no fat. Similarly, in the present study, we observed improvements in the number of sows detected in heat in the fi rst 8 d after weaning, conception, and farrowing rate when sows were fed supplemental fat during lactation compared with those fed no supplemental fat.
The USDA (2005) reported an average of 17.5% culling rate for a period of 6 mo during the winter season of 2000 and measured in several commercial sow units. This number may increase during summer months, when health and reproductive problems increase. In the pres-ent study, approximately 25% of the sows were culled. Addition of fat to lactation diets reduced the culling rate compared with diets with no additional fat (18.5 and 27.9% for fat and control diets, respectively).
In a study conducted by Shurson et al. (1986) , subsequent litter size was unaffected by supplementation of fat to sows during their previous lactation. Similarly, we did not observe differences in litter size in our previous study (Rosero et al., 2011) . Bilkei (1995) concluded that the effect of supplemental fat on subsequent litter size was not consistent. However, in the current study we observed a positive impact in the subsequent reproductive cycle in total pigs born and pigs born alive when sows were fed additional fat during their previous cycle.
Conclusions
Greater levels of supplemental fat reduced pellet durability, which increased the amount of feed wasted. Fat supplementation during lactation improved the energy intake by sows, but no clear benefi ts were observed for sow and litter performance during lactation. However, addition of fat improved subsequent reproductive performance and subsequent litter size. Moreover, supplementation of increased CWG, but not A-V blend, improved feed effi ciency of lactating sows. This difference seemed to be related to the quality of the fat sources used. It is plausible that the susceptibility of A-V blend to oxidation resulted in less availability of nutrients for the lactating sows. Therefore, further research is necessary to investigate effects of oxidized fats on nutrient digestibility and reproductive performance of sows.
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